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To the Editor: The recent article by Horbelt et al.1 reported a
very important methodological development in the area of
real-time visualization of renal dynamics. The technique
involving time-resolved two-photon microscopy in vivo is
surely a step ahead of the more popular LSCM (laser
scanning confocal microscopy) technique using in situ
examination of different mechanisms in renal glomerular,
vascular, and tubular tissues and cells. The authors have
presented their findings in a very detailed way, making it easy
for others to follow the procedure in an organized way. Our
experience while establishing a technique involving real-time
[Ca2þ ]i imaging of ‘intact’ renal glomeruli and arterioles
using isolated glomeruli and whole-kidney slices in LSCM
has been quite challenging. One thing that we came to know
was that research in this area is a lot more demanding than
many of the other airway and vascular smooth muscle tissues
and cells, which we have been regularly using for [Ca2þ ]i
imaging. We would like the readers, especially researchers
new to this area of research, to have know-how about some
of the problems they might experience in designing protocols
for real-time imaging of Ca2þ signaling in intact renal
glomeruli and resistance arterioles. Table 1 enumerates some
key elements related to dissection of animals and experi-
mental conditions, which can be selected after going through
the relevant literature and optimized to get the best results.
There are usually two thoughts related to acquisition of
‘intact’ renal tissues. Some groups perform microdissection2
to obtain the required vascular tissues or whole glomeruli
from the kidneys with minimally disturbing their integrity,
whereas others use chemical3 (dissociation enzymes) or
physical means4 (sieving) for isolation. We have experienced
that the microdissection method of minimal manipulations
yields better results. The conclusions given here are a result of
repeated trials and we hope that these would be helpful to the
researchers new in this area.
1. Horbelt M, Wotzlaw C, Sutton TA et al. Organic cation transport in the rat
kidney in vivo visualized by time-resolved two-photon microscopy. Kidney
Int 2007; 72: 422–429.
2. Mori T, Cowley Jr AW. Angiotensin II-NAD(P)H oxidase-stimulated
superoxide modifies tubulovascular nitric oxide cross-talk in renal outer
medulla. Hypertension 2003; 42: 588–593.
3. Helle F, Vagnes OB, Iversen BM. Angiotensin II-induced calcium signaling
in the afferent arteriole from rats with two-kidney, one-clip hypertension.
Am J Physiol Renal Physiol 2006; 291: F140–F147.
4. L’Azou B, Medina J, Frieauff W et al. In vitro models to study mechanisms
involved in cyclosporine A-mediated glomerular contraction. Arch Toxicol
1999; 73: 337–345.
MN Ghayur1 and LJ Janssen1
1Department of Medicine, St. Joseph’s Hospital, McMaster University,
Hamilton, Ontario, Canada
Correspondence: MN Ghayur, Department of Medicine, St. Joseph’s
Hospital, McMaster University, 50 Charlton Ave East, Hamilton, Ontario,
Canada L8N 4A6. E-mail: nghayur@mcmaster.ca
Response to ‘Critical issues related
to real-time fluorescence imaging
of renal tissues using confocal
microscopy’
Kidney International (2008) 73, 656–657; doi:10.1038/sj.ki.5002759
Ghayur and Janssen1 comment on some critical issues they
faced during the introduction of a real-time [Ca2þ ]i imaging
technique with the in situ preparation of ‘intact’ renal
glomeruli and arterioles using isolated glomeruli and whole-
kidney slices and LSCM (laser scanning confocal microscopy).
As the authors already pointed out, there exist several
substantial differences between the two techniques of LSCM
and two-photon microscopy regarding technical as well as
aspects of the way of application for dynamic studies at the
subcellular level. We herewith would like to briefly discuss
some of these.
Technically, two-photon microscopy requires a pulsed
(nonlinear) laser signal with a wavelength near the infrared
range, which allows an increased depth of penetration into
scattering tissue. Furthermore, two-photon excitation is
spatially confined to the focal point, which markedly reduces
phototoxicity. In contrast, in confocal microscopy, excitation
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Table 1 | Factors that might prove critical in the eventual
success of real-time Ca2+ imaging experiments of intact renal
tissues using confocal microscopy
Dissection Experimentation
Its better to do dissection under
anesthesia
Be sure about the species to be
used (mice, rats, rabbits and so
on)
Some prefer injectable, whereas
others prefer gaseous
anesthesia
Perfusion system should allow
accurate transport of drugs to
the tissue to avoid
tachyphylaxis seen with some
commonly used agonists such
as angiotensin II
Time taken to dissect should
be as minimum as possible
Experiments should be
performed at 37 1C with
carbogen-aerated perfusion
solution at pH 7.4
Solutions used for flushing the
kidneys should be at 37 1C
Choice of perfusion solution
and Ca2+ fluorescent dyes
depends on protocol followed
from the literature
Dissection is better done at
4 1C to avoid metabolic damage
Minimize photobleaching while
recording
It is better to dissect out whole
glomeruli and arterioles than to
isolate them using chemical or
physical means to avoid any
damage
Use up the tissues within 3 h of
dissection
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occurs within the entire excitation light cone, inducing a
much higher photodamage. In two-photon microscopy
localization of excitation also provides excitation-based
three-dimensional resolution with no need for spatially
resolved detection through a confocal pinhole. Localization
of excitation is maintained even in strongly scattering tissue
(like the kidney), because the density of scattered excitation
photons generally is too low to generate significant signal,
making two-photon microscopy far less sensitive to light
scattering than traditional microscopy. Because all fluores-
cence photons are therefore known to originate from near
the focus, this results in an increased fluorescence collection
efficiency and thus greater signal intensity at any given tissue
depth. The lack of out-of-focus fluorescence in two-photon
microscopy also increases tissue viability. Therefore, repeat-
edly excitation of the same area is possible, enabling dynamic
studies of cellular events in the intact organs of live animals
over variable time periods from seconds to month.2–4
For two-photon microscopy, the application of suitable
in vivo fluorescence labeling techniques is crucial. This can
be accomplished either by systemic application of fluor-
escent probes, by the use of transgenic animals expressing
fluorescent proteins, or by delivering the substances
directly to the region of interest, for example, by using
micropuncture studies.5 Additionally, multiple fluoro-
phores can be excited and imaged at the same time.
In the kidney, besides our presented data on organic cation
transport,6 two-photon microscopy has been used to visualize
other dynamic processes, such as single nephron glomerular
filtration rate,7 proximal tubule endocytosis,8 apoptosis,9 organic
anion transport,10 microvascular function,11 protein expression,5
and functions of the juxtaglomerular apparatus.12 Even real-
time [Ca2þ ]i imaging has been reported in an in situ prepa-
ration by using two-photon microscopy, which may obviate
some of the challenges reported by Ghayur and Janssen using
LSCM.13 The applications for two-photon microscopy within
the kidney have been recently reviewed more extensively.4
In conclusion, two-photon microscopy offers the
investigator a sophisticated technique for dynamic studies
of the normal physiology of cells within their natural
environment as well as their response to pathological states
even over long periods of time in the same animal. Cellular
behavior thus can be put into the larger context, both
spatially and temporally.
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To the Editor: We recently reported reference values for
estimated glomerular filtration rate (eGFR).1 Serum creati-
nine was calibrated against the creatinine assay in the original
Modification of Diet in Renal Disease (MDRD) laboratory.2
Recent guidelines advise to calibrate serum creatinine assays
against creatinine values traceable to isotope dilution mass
spectrometry. The original MDRD equation was re-expressed.3
This new equation is
175 (standardized serum creatinine (in mmol l1)/
88.4)1.154 (age (in years))0.203 0.742 (if female).
We recalculated our reference values of eGFR using this new
formula and standardized serum creatinine values (see tables
provided as Supplementary Table S1). The new values exceed
our previously reported values, 5th percentile (p5) values
being higher by approximately 10%. An explanation can be
found in the reported regression equations.1,3,4 Levey et al.
ignored a seemingly small systematic difference of 3mmol l1
between the enzymatic assay and the isotope dilution mass
spectrometry values, and intercepts of 2.30 and 2.53,
respectively, for the comparisons between the enzymatic
method and the Jaffe methods. We and others have used
regression equations with intercepts of 10 and 16, respec-
tively.1,4 These differences in regression equations are likely
due to the coefficient of variation of the creatinine assays.4
Although systematic deviations of 3–10mmol l1 appear small
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